t 

J * ■ 

I 

Japanese Patent Laid-open Publication No. HEI 10-235763 A 
Publication date: September • 8 , 1998 
Applicant: ISUZU MOTORS LTD ^ 
Title: FRP THICK ENERGY ABSORBER 

5 

(57) [Abstract] 

[Object] To provide an FRP thick energy absorber that can 
stably absorb high energy and protect a passenger on a 
vehicle or the like, the absorber having a cylinder shape 

10 with a thickness t/D>0.09. 

[Solution] A cylindrical energy absorber 1 has a 

thickness t/D>0.09, a fiber orientation amount of 90° 
orientation of an outer layer 3 of 10 to 15% of the 
thickness t is greater than a fiber orientation amount of 

15 0° orientation, and a fiber orientation amount of 0° 

orientation of an inner layer 4 is greater than a fiber 
orientation amount of 90° orientation. With this 
configuration, a large fragment is not generated at the. 
time of crush, and energy can be absorbed stably. 

20 

[Scope of Claims for Patent] 

[Claim 1] An FRP thick cylindrical energy absorber made o: 
a fiber composite material (FRP) in which fibers are 
arranged in a load applying direction (0° orientation or 

i 

■ 
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axial direction) and a direction perpendicular to the load 
applying direction (90° orientation or circumferential 
direction) , and a ratio t/D between a thickness t and an 
inner diameter D is 0.09 or higher, wherein the energy 
absorber includes an inner layer and an outer layer, and a 
fiber orientation amount of 90° orientation of the outer 
layer is greater than a fiber orientation amount of 0° 
orientation. 1 

[Claim 2] The FRP thick energy absorber according to claim 
1, wherein a fiber orientation amount of 0° orientation of 
the inner layer is greater than a fiber orientation amount 
of 90° orientation. 

[Claim 3] The FRP thick energy absorber according to claim 
1 or 2, wherein the thickness of the outer layer is 10 to 
15% of the thickness t. 
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[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] 

i 

The present invention relates to a thick cylindrical 
energy absorber, and more particularly, to an FRP thick 
energy absorber that can prevent an outer peripheral 
surface from being peeled, and stably absorb energy. 

* * 

[0002] 



•A 



[Background Art] If a hollow cylindrical energy absorber 

la made of fiber composite material (FRP) shown in Fig. 5 
receives a compression force along an axial direction as 
shown in Fig. 6, a crush 8 is generated on a load applying 
5 end as shown in Fig. 6, and the energy absorber la absorbs 
much energy. In Fig. 7 , a lateral axis represents 

> 

displacement and a vertical axis represents load. When the 
compression force is applied, a maximum load Pmax is 
initially generated and crush is started as shown in Fig. 7, 

10 and a substantially stable load closer to an average load 
Pmean is applied thereafter due to the crush. Since an 
energy absorbing amount E corresponds to an area shown with 
hatched lines in Fig. 7, if the Pmean/Pmax value is greater, 
the energy absorbing amount E becomes greater. It is known 

15 that according to such an energy absorber la, when its 
thickness is thinner than its inner diameter, the 
Pmean/Pmax is great and energy is absorbed stably. 
[0003] As shown in Fig. 8, it is known that the energy 

» * 

absorbing amount E is varied depending on the fiber 
20 orientation amount in the load applying direction. The 
energy absorber la is made of web in which fibers are 
oriented in the load applying direction (0° orientation or 



axia 



1 direction) and a direction perpendicular to the load 



applying direction (90° orientation or circumferential 



direction) . A curve C in Fig. 8 depicts a load- 
displacement curve when a fiber orientation amount of 0° 
orientation is greater than a fiber orientation amount of 
90° orientation as shown in Fig. 9 (a) , and a curve F 
represents a load-displacement curve when the fiber 
orientation amount of 0° orientation is substantially the 

same as the fiber orientation amount of 9 0° orientation as 

\ 
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shown in Fig. 9(b). It is known l ; that if the fiber 
orientation amount of 0° orientation is greater than that 

* 

of 90° orientation, the energy absorbing amount is greater 

as shown in Figs. 9(a) and (b) . 

[0004] 

[Problem to. be Solved by the Invention] The above 
explanation is applied to the cylindrical energy absorber 
la whose thickness t (Fig. 5) with respect to the inner 
diameter D (Fig. 5) is relatively thin, and the energy 

i 

absorber has the inner diameter D of 40 millimeters and the 
thickness t of about' 5 millimeters. On the other hand, as 
shown in Fig. 10, if a relatively thick cylindrical energy 
absorber lb having the inner diameter D of 35 millimeters 
and thickness t of about 7:5 millimeters has the following 

* 

problems . 

[0005] That is, the energy absorber lb used in a general 

structure or the like is of a thick cylindrical shape. As 



shown in Fig. 10, the energy absorber lb is made of sateen 
web having fiber orientation amount of 0° orientation 
greater than that of 90° orientation. However, if the 
compression load is applied to the thick^energy absorber lb, 
5 its load applying end is largely crushed and deformed, and 
a large crush is generated, the outer layer is peeled off 
by constant thickness, and a large fragment 6 is peeled off. 
Thus, there is a problem that large load reduction points 7 
are generated a plurality of times at the time of crush as 
10 shown with a curve G in Fig. 11, energy is not sufficiently 
absorbed, and energy is not absorbed stably. 

[0006] From the above facts, particularly for the thick 

energy absorber, it is important that the outer layer is 
not peeled off, energy can be absorbed stably, and the 
15 energy absorbing amount is increased. Japanese Patent 
Application Laid-Open No. H6-307477 describes a known 
technique related to this problem. This "energy absorbing 
material" is provided at its inner layer with reinforcing 
fibers which are aligned in one direction, and is provided 
20 at its outer layer with a multi-layered reinforcing fibers 
in which reinforcing fiber web is disposed. With the above 
configuration, crush of the member at the time of energy 
absorption is smoothly started according to a constant 
mechanism, and energy is absorbed stably and reliably. 
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However, this "energy absorbing material" is not 
particularly applied to the thick cylindrical energy 
absorber unlike the present invention, the orientation 
configuration of fiber is also largely different, and 
5 energy is not effectively absorbed when a large load is 
applied. 

[0007] The present invention has been accomplished in 

view of the above circumstances, and it is an object of the 
invention to provide an FRP thick energy absorber that can 

10 stably absorb energy and secure a space for a passenger 
when a large load is applied such as. at the time of 
collision of a vehicle to enhance the safety of the 
passenger in which the energy absorbing amount is high and 
the outer layer is not peeled off. 

15 [0008] 

[Means for Solving Problem] To achieve the above object, 
the present invention provides an FRP thick cylindrical 
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energy absorber made of a fiber composite material (FRP) in 



wh 



ich fibers are arranged in a load applying direction (0 



20 orientation or axial direction) and a direction 

perpendicular to the load applying direction (90° 
orientation or circumferential direction) , and a ratio t/D 
between the thickness t and the inner diameter D is 0 . 09 or 
higher, wherein the energy absorber includes the inner 



layer and the outer layer, and a fiber orientation amount 
of 90° orientation of the outer layer is greater than a 
fiber orientation amount of 0° orientation. More 
specifically, a fiber orientation amount of 0° orientation 
of the inner layer is greater than a fiber orientation 
amount of 90° orientation, and the- thickness of the outer 
layer is 10 to 15% of the thickness t. 
[0009] The fiber orientation amount of the 90° 

orientation of the outer layer corresponding to 10 to 15% 
of the thickness t of the thick cylindrical energy absorber 
having a thickness t/D>0.09 is set greater than the fiber 
orientation amount of 0° orientation, and the fiber 



orientation amount of the 0° orientation of the remaining 
inner layer is set greater than the fiber orientation 
amount of 90° orientation. With this configuration, even 

if the energy absorber is thick and cylindrical, the outer 

i 

layer is prevented from being peeled off, and a large load 
reduction point is not generated unlike the conventional 
technique. Thus, energy is sufficiently absorbed stably. 

I 

[0010] 

(Preferred Embodiment of the Invention] 

An embodiment of an FRP thick energy absorber 
according to the present invention will be explained in 
detail with reference to the accompanying drawings . As 



shown in Fig. 1, the energy absorber 1 of the present 
invention includes a thick cylindrical body, and includes 
the outer layer 3 and the inner layer 4. A trigger 2 is 
formed on the energy absorber 1 on its side where a 
compression load is applied so that crush is caused 
smoothly. The energy absorber 1 of the invention is 
applied to the thick cylindrical body, and a range of the 
thick cylindrical body is experimentally obtained in the 
following manner. That is, the present invention is 
effective for the thick cylindrical body in which the load 
reduction points 7 (Fig. 11) are generated after Pmax in 
the load-displacement curve. Through crush tests carried 
out for cylindrical bodies having t/D of 0.120, 0.106, 
0.091, 0.083, and 0.036 to obtain the load-displacement 
curve. It is found that the load reduction points 7 are 
not generated at 0.083 or lower. Hence, the boundary of 
the thick cylindrical body to which the invention is 

* 

applied is set to t/D>0.09. 

[0011] The thickness t 0 (Fig. 1) of the outer layer 3 of 
the invention is determined experimentally while referring 



to the thickness with which peeling off is prone to be 
generated in the conventional thick cylindrical body. That 
is, when the total number of layers of the web is set to 28 
or 31, about fourth layer from the outer periphery is 
peeled off at the time of crush. From this, it is 
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determined that t 0 is appropriately in the range of 10 to 
15% of the thickness t. This range is not limited to this. 
[0012] The outer layer 3. and the inner layer 4 of the 

energy absorber 1 of the invention are made of FRP . In 
this invention, the FRP is made by coupling resin material 

to webs having fibers oriented at 0° and 90°, and web 
configurations of the outer layer 3 and the inner layer 4 
are different. In this embodiment, the outer layer 3 
corresponding to the thickness t 0 is obtained by laminating 

layers (e.g., four layers) of webs of a type in which more 

» 

fiber orientation amount of 90 b orientation are disposed 
than the fiber orientation amount of 0° orientation as 
shown in Fig. 2(a). Its concrete fiber orientation amount 
is appropriately set according to the shape, the size, or 
the like of the energy absorber 1. 

[0013] On the other hand, the inner layer 4 of the 

energy absorber 1 has more fiber orientation amount of 0° 
orientation than the fiber orientation amount of 90° 
orientation as shown in Fig. 2(b) . It is not always 
necessary that the fiber orientation amount of 90° 
orientation of the outer layer 3 and the fiber orientation 
ratio of 0° orientation of the inner layer 4 are the same, 
and as one example, they may be arranged at same pitches 
from one another. The fiber orientation amount of 0° 



orientation of the outer layer 3 and the fiber orientation 
amount, of 9 0° orientation of the inner layer 4 may not be 
the same, and as one example, they may be arranged at the 
same pitches from one another. 

[0014] Fig. 3 depicts the energy absorber 1 of the 

■ 

present invention in a crushed state due to application of 

r- 

a compression force thereon. As shown in Fig. 3, although 
the trigger 2 portion is largely crushed and deformed, the 
large fragment 6 (Fig. 10) is not generated unlike the 
conventional technigue and only a fine fragment 5 is 

» i 

generated, and the energy is largely absorbed in this state. 
Thus, energy is stably absorbed. 

[0015] Fig. 4 is a load-displacement curve of energy 

absorbing states of the energy absorber 1 of the present 
invention and of the conventional energy absorber lb (Fig. 
10) . Each of the energy absorber 1 and the energy absorber 
lb includes a thick cylindrical body having an inner 
diameter D of 35 millimeters, a thickness t of 7 . 5 
millimeters, and t/D of 0.22. The energy absorber 1 has 28 
layers in the thickness t, and the outer layer 3 of the 
energy absorber 1 corresponds up to a fourth layer from its 
outer periphery. Thus, the t 0 is 14% of the thickness t. 
In Fig. 4, the curve A represents the energy absorber 1 of 
the present invention, and the curve B represents the 
conventional energy absorber lb. Table 1 shows Pmax and 
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Pmeans of both the energy absorber 1 of the invention and 
the conventional energy absorber lb, and , increasing ratio 
(%) therebetween. 
[0016] 
[Table 1] 



Section 


Conventional 
product 


Product of 
the invention 


Increasing 
ratio (%) 


Pmax (ton) 


25.32 - 


26.84 


6.0 


Pmean (ton) 


17.07 


22.02 


29 . 0 



[0017] As shown in Fig. 4, in the curve B, the load 

reduction points 7 are generated a plurality of times as 

i 

described above. In contrast, the curve A does not have 
the load reduction points 7, and it can be found that 
energy is smoothly absorbed. As shown in Table 1, Pmax of 
the energy absorber 1 of the invention is 26.84 tons, and 
is greater than 25.32 tons of Pmax of the conventional 
energy absorber lb only by 6.0%. Pmean of the energy 
absorber 1 of the invention is 22.02 tons and Pmean of the 
conventional energy absorber lb is 17.07 tons, and Pmean of 
the invention is higher than that of the conventional 
technique by 29.0%. From the above fact, it can be found 
that a value of the energy absorbing amount E of the energy 
absorber 1 of the invention is far greater than that of the 
conventional technique . 



[0018] As described above, the energy absorber 1 of the 

present invention consists of the thick cylindrical body, 
and is used when relatively large compression load is 
applied. For example, the energy absorber 1 of the 
5 invention is applied to a support portion of a member to 

which impact force is applied at the time of collision of a 

\ • 

vehicle. If the energy absorber 1 is used, a vehicle is 
prevented from being deformed^ at the time of collision, and 

it is possible to reduce the deceleration applied to a 

\ 

10 passenger, and to secure a space for a passenger to protect 
the passenger. 
[0019] 

[Effect of the Invention] 

1) According to the FRP thick e|nergy absorber of claim 1 

I 

15 of the present invention, the fiber orientation amount of 



90° orientation of the outer laye 



r of the thick cylindrical 



body where the peeling off is prone to be generated is set 
greater than the fiber orientation amount of 0° orientation 



Therefore, the fiber strength in 



the peeling off direction 



20 at the time of crush is enhanced! a large fragment is not 

I 

generated, and the energy absorbing amount is increased and 

* 

stabilized. ' 

2) According to the FRP thick energy absorber of claim 2 
of the invention, the fiber orientation amount of 0° 
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orientation of the inner layer is set greater than the 
fiber orientation amount of 90° orientation. Therefore, 
greater energy can stably be absorbed in addition to the 
effect of claim. 1. 

3) According to the FRP thick energy absorber of claim 3 
of the invention, the thickness of the outer layer is set 
to 10 to 15% of the thickness t. ^Therefore, the effects of 

* 

\ 
\ 

1) and 2) can be obtained with respect to all of thick 
cylindrical bodies of t/D>0.09. 

\ . ■ 

[Brief Description of the Drawings] \ 

[Fig. 1] Fig. 1 is a cross section of an FRP thick energy 
absorber of the present invention in its axial direction. 
[Fig. 2] Fig. 2 is a schematic diagram of a configuration 
of fiber orientation amounts of an outer layer and an inner 
layer of the FRP thick energy absorber shown in Fig. 1. 
[Fig. 3] Fig. 3 is a schematic diagram of the FRP thick 
energy absorber shown in Fig. 1 in a crush state when a 
compression force of is applied thereon. 

[Fig. 4] Fig. 4 depicts load-displacement curves at the 
time of crush of the FRP thick energy absorber of the 
invention and a .conventional thick energy absorber. 
[Fig. 5] Fig. 5 is a cross section of the conventional 
relatively thin energy absorber in .its axial direction. 



[Fig. 6] Fig. 6 is a schematic diagram of the energy 
absorber shown in Fig. 1 in a crush state when a 
compression force of is applied thereon. 

[Fig. 7] Fig. 4 depicts load-displacement curves at the 
time of crush of the conventional thin energy absorber. 
[Fig. 8] Fig. 8 depicts load-displacement curves at the 
time of crush of the conventional thin energy absorber 
having different fiber orientation amount. 
[Fig. 9] Fig. 9 is a schematic diagram of a fiber 
orientation amount of the energy absorber shown in Fig. 8. 
[Fig. 10] Fig. 10 is a schematic diagram for explaining a 
problem at the time of crush of the conventional thick 
energy absorber. 

[Fig. 11] Fig. 11 depicts the load-displacement curve at 

* 

the time of crush of the conventional thick energy absorber. 
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[Explanations of Letters or Numerals] 

1 Energy absorber 

2 Trigger 

• ' ! 

3 Outer layer j 

4 Inner layer j 

5 Fine fragment j 

6 Large fragment j 

7 Load reduction point / 

i 

8 Crush , 



1 

Fig. 2, 9 

0° orientation 

90° orientation 

5 Fig. 3, 6 

Compression force 

Fig. 4, 7 
Load 

10 Displacement 

* 

Fig. 8 
Load 

Displacement 
15 0° orientation>90° orientation 
0° orientation=90° orientation 

Fig. 10 

Compression force 
20 0° orientation 
90° orientation 

Fig. 11 
Load 

15 



Displacement 

7 Load reduction points 
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2 2. 02 


2 9.0 



0lZffimi&T&s7tim&®&±^Z<O\Z*tls^ &mAl* (Ox^/U^-RiRft 1 © P m a x li 2 6 . 8 4 [to 

^SffiT^7^/j:< , R?t^j:*/U^— ftlRriSffttJbtl 50 n] T*fo«9, ffi^Ox^/U^- KiRft: 1 b CO P m a x CO 



-3- 



5 

2 5. 3 2 [ton] £ <9 fc 6 . 0 [%] Lt5^# < 
<, P m e a n (7)x^/U^-P^l|X^ 1^22. 

0 2 [ton] X*hZ><DtCftL'&&<n^*/Ul?~- KlRft: 
lb (117. 07 [ton] -CfeO, :£3g^<£>t>CD^2 
9. 0 [%] W±<tf9, ai^U^r— KlRfiEOfS 

[0 0 18] *«W0^4wu*— KiRflei ttBWBLfcJ: 

W»o35»«fciifflStt5. <^*/u^—«iRfls: l * 
ffl^5:il:«t*) id** it 5 * * ^0>*»*IWB& 

[0019] 
[«W0>5»*] 

1) #»WO«|*3Jl 1 JC|E*K>FRPffft3i^=¥— ® 
° iEf^co^Id^ft^o 0 EiPicoaHtEiPiiJ: t) 

■r ^ r <t \z x <o je»b# k & n a ft <o«a* # ft 

ttfttcfcixtf, ftJiSBcoo 0 Idft^^iidftft^9 o° 
IBft^S^iIdftSct<9#<-r5r<t{cJ:«9, ffi^ico 

[%] <tt~^w<htCj: 9 . t/D>o. o 9 <£>-r-<T]¥ 
fc<Offitt#U:atU MUSI) , 2) 0»*Sr±l«rt 



(4) *3MfB¥ 10-235763 

[Hi] *»WOFRP*«^*^*— »JRft:o*liWei 

do 

[0 2] Hl^FRPf^/^- BRiRftWflJBSMs 
[0 3] 11 1 ^)FR ppfii^/u^ KiRtiwffiHS;^ 
[04] *«WOFRPffft^*^--»iRft:i:«e3K<75 
70 [H5] ^JfetDitKWS^Io^^/u^— ®iR#(Oifc&fr® 

0o 

[El 6 ] 01 ©3i*/u*-RJR#<Offilt*fPfflW^*5«t 
[0 7] ®JRft:^JE»B#^^fi 

[us] j^iais*©»4sa*<o»«^-*/uaf 5 --!a 
jR» n 5 jzm^nffim - mnmm 0 ;=: 

[0 9] 0 8(C^ttS^/U^r-®iR^SK*tiEft*o; 

20 [0io] 'tetecDrnfaox-*^*— $&i&{£<n&mtif<Dffl 

[011] ft w^*^^-KiRtt:^EE»«F^?gf 
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(5) 



VtWIW- 10-235763 



[0 4] 



[05] 



[06] 




$ it 






[07] 



[08] 



4 




mean 
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[0 9] 



[0 10] 



(a) 



y 90* jffil^ 
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<b) 



1 



je fa t 
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(6) 



ftfflW-l 0- 2 3 5 7 6 




02) mm^ &m wik 



